Naive and primed pluripotent states are very similar to each other, but subtle differences exist in their maintenance and differentiation programmes. Transcription factors (TFs) play a key role towards maintaining pluripotency and cellular reprogramming. However, TF expression dynamics and regulatory mechanisms in naive and primed pluripotent states are poorly understood. Here, we performed a comprehensive transcriptional analysis of both states, which revealed a gene expression pattern in mESCs (naive state) that appear to be distinct from mEpiSCs (primed state). We screened 10 TFs essential for maintenance, self-renewal and differentiation, of which the TFs-Notch3, Meis1, Gli3 and Srf can act as novel markers distinguishing the two states. Furthermore, a detailed bioinformatic analysis (involving these TFs) elucidated essential transcriptional circuits between the naive and primed pluripotent states.
Pluripotent cells have the ability to self-renew if maintained in appropriate culture condition [1, 2] . Moreover, their ability to differentiate into all possible tissue types [3] in an adult organism brought them into the focus of the scientific community. Pluripotent stem cells hold tremendous potential for regenerative therapy and tissue engineering [4] . It has been found that pluripotency does not represent a single state, but it is a collection of different states [5] . Based on the snapshots captured from distinct developmental stages of mouse, two distinct states of pluripotency have been reported. They are (a) naive (or ground) state and (b) primed state [6] .
The naive pluripotent cells can be assumed as completely unrestricted cells that occur at the embryonic day 4.5 from inner cell mass (ICM) of the blastocyst stage of preimplantation development of murine embryo. However, primed pluripotent cells exhibit limited pluripotency in the sense that they are more advanced on the path of differentiation [5, 7] . They represent the postimplantation epiblast, which occurs immediately prior to differentiation into the three germ cell lineages at gastrulation [8, 9] . These cells can be isolated from implanted epiblast at embryonic day 5.5 [6] . Both naive and primed pluripotent cells can differentiate into all three germ layers. Naive cells can contribute to form chimeras if injected to blastocyst ICM, whereas the primed cells can do so if incorporated in E7.5 epiblast [6, 10] . In murine system, the naive cells from ICM can be cultured to establish mouse embryonic stem cell (mESC) lines, and the primed cells from implanted epiblast can be cultured to establish mouse epiblast stem cell (mEpiSC) lines [6] . In culture condition, mESCs truly reflect the naive pluripotent state and mEpiSCs reflect the primed pluripotent state [6] .
Ever since it has been reported, several research groups have taken different approaches to characterize Abbreviations MEF, mouse embryonic fibroblast; mEpiSCs, mouse epiblast stem cells; mESCs, mouse embryonic stem cells.
and investigate the properties of these two pluripotent states. Although these two states largely share a common transcriptional programme, there are distinct differences in their maintenance and differentiation programmes [11] . There have been reports regarding specific markers for these two states. Rex1, Nr0b1 and Fgf4 are reported as naive state specific markers, and Fgf5 has been reported as primed state specific marker [6, 12] . It has also been reported that enhancer usage varies for the differential as well as similarly expressed gene sets between these two states [11] . Further, cellular transition between these two pluripotent states is associated with widespread Oct4 relocalization, mirrored by global rearrangement of enhancer chromatin landscapes [13] . There has also been a significant difference in the microRNA expression profile between these two states [14] . Further long noncoding RNAs (lncRNAs) also play significant regulatory role in maintaining pluripotent state. For example, Panct1 lncRNA, encoded on X chromosome, is associated in maintaining naive pluripotency [15] .
The phenomenon of X chromosomal inactivation has been a dominant phenomenon to differentiate between the two states [16, 17] but only in the case of a female system. Thus, markers that would truly reflect the distinguishing features between the naive and primed states irrespective of male and female system are yet to be discovered/reported.
Looking at the epigenetic landscape from the perspective of cellular reprogramming, the primed pluripotent cells (mEpiSCs) are the truly differentiated counterpart of the ground state cells (mESCs). However, it is really striking that although core components of pluripotency network is already present in mEpiSCs, they have a limited reprogramming efficiency just as that of somatic cells [18] . This makes mEpiSCs a promising system where new components of reprogramming process can be screened. Thereby, it is very important to understand the transcriptional circuit that maintains and renews these two pluripotent states as well as governs the transition between mESC and mEpiSC and further facilitates its exit from mEpiSC to a differentiated state. Thus, such studies will provide a better insight into the reprogramming process.
In this work, we have performed a comprehensive transcriptional analysis of both the pluripotent states (naive and primed pluripotent state). Our bioinformatic analysis has uncovered a gene expression pattern in mESCs that appear to be distinct from mEpiSCs. Thereafter, we have elucidated certain key TFs which can act as novel markers distinguishing the two states. Furthermore, a detailed bioinformatic analysis reveals a transcriptional circuit (involving these TFs) which explains their role in maintenance, self-renewal and exit from these two states.
Materials and methods

Sources of gene expression profiles:
In this study, we analysed the gene expression datasets corresponding to mESC (naive), mEpiSC (primed) and MEF (mouse embryonic fibroblast -terminally differentiated cell) obtained from Gene Expression Omnibus (GEO) repository (http://www. ncbi.nlm.nih.gov/geo/). Tables 1 and 2 summarizes the details of the data considered for our analysis, including the nomenclature we used for each cell types. The mESC datasets from GSE31461 and GSE53275 and 2 mESC datasets from GSE7866 are derived from male embryo. The mEpiSC datasets taken from GSE53275 and GSE7866 are derived from male embryo. No information could be obtained regarding the sex of the remaining samples of mESC and mEpiSC.
Microarray data analysis: All the affymetrix and agilent datasets were normalized using the most appropriate normalization method [19, 20] . Normalized data quality was verified by box plots (data not shown). The gene expression data sets obtained with the Affymetrix Mouse Gene 2.1 ST Array platform (GSE53275) and Affymetrix Mouse Gene 1.0 ST Array platform (GSE31461, GSE63767) were normalized using RMA from 'oligo' and 'affy' packages of RBioconductor, respectively. The datasets with the Agilent 4944 K whole mouse genome microarray platform (GSE26814, GSE7866, GSE48411, GSE48486) were normalized using the 75th percentile method in R-Bioconductor. All the datasets were analysed in MeV (www.tm4.org/ mev.html). The data were then subjected to analysis of variance (ANOVA), incorporating the Benjamini-Hochberg FDR multiple testing correction, with a significance level of Pvalue ≤ 0.05 to obtain the differentially expressed genes between different groups. Probe sets were further filtered on the basis of a fold-change cut-off of ≥ 2.0.
Distance Metric: We have defined the distance metric (as defined by Ghosh et al.) [21] between two groups of cells to be the percentage of genes that are differentially expressed between them; thus, two 'closer' groups will have a lower percentage of genes that are different between them, and vice versa. After gene expression data from all groups (mESCs, mEpiSCs and MEF) were subjected to the same statistical screening criterion (P-value cut-off ≤ 0.05 and a fold-change ≥ 2.0), we then calculated the distances among them. This gives a clear estimation of the status of naive (mESCs) and primed states (mEpiSCs) with respect to the terminally differentiated state (MEF). Furthermore, it also gives a clear idea of how closer the terminally differentiated cells (MEFs) are from primed pluripotent state (mEpiSCs) compared to that from naive pluripotent state (mESCs). To calculate the relative distances among mESCs, mEpiSCs and MEF cells, we considered 1 to be the total proportion of genes that are significantly different between the cell states which are maximally different (i.e. they have the highest proportion of differentially expressed genes between them). We found mESC to have the highest proportion of differentially expressed genes with respect to MEF. Hence, the relative distance between mESC and MEF is considered as 1. With respect to this, we calculated the relative distance between mEpiSC and MEF. This provides us with the estimation of the degree of pluripotency of the two substates as well.
Dendogram: Statistical software package SPSS 20.0 (IBM) was used to generate the proximity matrix and dendogram (by Pearson correlation method) using the set of genes differentially expressed (provided in Table 3 ) between mESCs and mEpiSCs.
Screening the transcription factors: Transfac database (http://www.biobase-international.com/product/transcrip tion-factor-binding-sites) was used to screen the TFs from the differentially expressed genes between mESC and mEpiSC.
Functional analysis using IPA: In order to perform functional annotation of the selected set of up-and down-regulated TFs, QIAGEN'S INGENUITY Ò Pathway Analysis (IPA Ò , QIAGEN Redwood City (http://www.ingenuity.com/) software was used. It assigns biological functions to genes using the Ingenuity Pathways Knowledge Base (Ingenuity Systems, Inc., Redwood City, CA, USA).
Cell pellet procurement and RNA preparation
Mouse embryonic stem cells (cell line derived from male embryo) and mEpiSC (cell line derived from female embryo) cell pellets were a generous gift from Prof. Frank Buchholz, Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany. MEF cDNA was a gift from Dr. Debojyoti Chakraborty, Institute of Genomics and Integrative Biology, New Delhi, India. Total RNA was isolated by lysing the cell pellets with Trizol (Invitrogen, Carlsbad, CA, USA) followed by chloroform extraction and isopropanol precipitation. The quality of the RNA samples was evaluated by Nanodrop Spectrophotometer. cDNA was prepared from 500 ng of total RNA using Verso cDNA synthesis kit (Thermo Scientific, Carlsbad, CA, USA).
Quantitative real-time PCR of selected genes
To study the gene expression level of the selected genes, we performed quantitative real-time PCR. SYBR Ò Select Master Mix (Applied Biosystem, Foster City, CA, USA) was used to carry out amplification of the target genes on 7500 Fast (Applied Biosystems). All mRNA quantification data were normalized to the housekeeping gene GAPDH (endogenous control). The fold differences of target gene expression were calculated in (a) mEpiSC relative to mESC, (b) mESC relative to MEF and (c) mEpiSC relative to MEF. The primer sequences are provided in the Table S1 . Statistical analysis was performed using paired t-test, and P-value ≤ 0.05 was considered as statistically significant.
Results
Defining the naive and primed state based on global gene expression pattern
The pluripotency landscape comprises naive and primed states. mESCs, the naive state, represent the true ground state, whereas mEpiSCs, the primed state of pluripotency, exhibit limited pluripotency [5] . In order to measure the degree of pluripotency between 3  GSE31461  3  GSE53275  2  GSE53275  2  GSE7866  3  GSE7866  1  GSE26814  1  GSE26814  1 these two states, we analysed the global gene expression pattern between mESCs and mEpiSCs with respect to the terminally differentiated state -MEFs (based on the experimental grouping in Table 1 ). According to the distance metric defined in the methods section, a lower percentage of differentially expressed genes between two groups make them closer compared with other cell types and vice versa. The percentage of differentially expressed genes between mESC and MEF is 80.94, which is greater than that between mEpiSC and MEF which is 73.97. Figure 1 shows the relative distance (based on the proportion of differentially expressed genes) of mESCs and mEpiSCs with respect to the terminally differentiated MEF cells.
Collectively, the result shows that the naive state (mESCs) is more distant from the terminally differentiated state (MEF cells) as compared with the primed state (mEpiSCs). This provides the status of naive and primed states across the pluripotency landscape with respect to the differentiated state. Thus, along the pluripotency landscape, mESCs possess a higher degree of pluripotency rather than mEpiSCs. This also corroborates with earlier works [5] reporting limited pluripotency exhibited by primed state (mEpiSCs). Distinct gene expression pattern between naive and primed state
To further look into the distinct differences between naive and primed state, we analysed the differentially expressed genes between these two states (based on the experimental grouping in Table 2 ). Overall, we found 139 and 148 genes to be significantly up-and downregulated, respectively, in mESCs with respect to mEpiSCs. Distance measure and hierarchical cluster analysis performed on this gene expression data reveal that mESCs have a distinct gene expression programme as compared to that of the mEpiSCs. The dendogram ( Fig. 2A) and its associated proximity matrix (Fig. 2B) clearly show that mESCs and the mEpiSCs cluster separately.
Further, we did a rigorous functional analysis of this entire up-and down-regulated gene set (Table S2) . Embryonic development, stem cell maintenance and differentiation-related enriched functions were screened thereafter. Figure 3 shows the screened enriched functions constituting 71 genes. Expression fold change of these genes showed that 31 were up-regulated (Fig. 4A ) and 40 were down-regulated (Fig. 4B ) in mESC with respect to mEpiSc.
Analysing the distinct TFs corresponding to naive and primed state Using Transfac [22] , the TFs were screened from the set of the filtered 71 genes. A total set of 19 TFs (11 up-regulated and 8 down-regulated TFs) were present within this set of 71 genes.
Out of this set of 19, four TFs, Nr0b1 [23, 24] , Esrrb [25] [26] [27] , Zfp42 [28, 29] and Otx2 [27] , are reported markers for the two substates. Detailed functional annotation for the rest of the 15 TFs was performed using IPA (Table S3) . We finally screened 10 TFs which are responsible for maintenance, self-renewal and differentiation of the naive and primed states. Table 3 shows the detailed functions of the selected 10 TFs. Overall, among these TFs, four new TFs emerged viz. Notch3, Gli3, Srf and Meis1, which were not reported earlier to be a demarcating feature between these two states.
Gene expression study of the selected genes by real-time PCR analysis
Comparative qRT-PCR was carried out between mESCs and mEpiSCs to check the expression level of these 10 TFs along with the marker genes mentioned above (Fig. 5) . We checked the expression of the naive state specific markers viz. Nr0b1, Zfp42 and Esrrb, which are significantly up-regulated in mESC with respect to mEpiSC. The primed state-specific marker Otx2 and Fgf5 are found to be significantly down-regulated in mESC with respect to mEpiSC. The other TFs viz. Sox4, Sox11, Meis1, Gli3, Srf, Notch3, Satb1 were found to be significantly down-regulated in mESC with respect to mEpiSC, and this observation corroborated with that observed from the microarray data analysis. The expression of Klf4, Tbx3 and Mybl2 are found to be up-regulated in mESC with respect to mEpiSC which is also similar to that observed in microarray data analysis. Thus, qRT-PCR results validated expression patterns of the selected TFs between mESC and mEpiSC as observed from microarray data analysis. In order to check the importance and exclusiveness of the four novel TFs for the maintenance (Notch3, Meis1) and differentiation (Gli3 and Srf) of the mEpiSCs, we checked their expression within mEpiSC taking MEF as control. In addition, we also checked their expression in mESCs with MEF as control to show that these genes really make a difference in the maintenance and differentiation programmes of the two pluripotency states (Fig. 6 ). We found Notch3 (being responsible for maintenance of mEpiSC) to be significantly up-regulated in mEpiSC and not significant in mESCs with MEF as control. Meis1 being another TF for mEpiSC maintenance is highly upregulated in mEpiSCs but moderately up-regulated in mESCs compared with MEF. Gli3 and Srf being responsible for preparing the mEpiSCs to initiate differentiation (indicating the lower degree of pluripotency of mEpiSCs) into a particular lineage, are significantly up-regulated in mEpiSCs but are downregulated in mESCs as compared with MEF.
Distinct transcriptional circuits maintaining the two states
We have analysed the self-renewal and maintenance circuit of the two pluripotent states and found two distinct modes of their regulation in mESCs (naive state) and mEpiSCs (primed state), although there exists certain common components of the circuit for the two states. The three core pluripotency factors (Oct4, Sox2, Nanog) are expressed at an optimum level to maintain the two states, but their interplay with different TFs and other genes distinguishes the self-renewal and maintenance circuit of the two states. Further, we have been able to identify four novel TFs namely Notch3, Meis1, Gli3 and Srf, which might play a crucial role towards maintenance and differentiation of the primed pluripotent state. The entire mechanism is depicted in Fig. 7 .
One of the novel TFs, Notch3 (which is found significantly up-regulated in primed state i.e. mEpiSC as compared with mESC), has been reported to inhibit bcatenin [30] . We also observed b-catenin to be downregulated in mEpiSCs. b-catenin coordinates with the core pluripotency factors and leads the cell towards mesoderm differentiation [31] . Hence, suppression of b-catenin (in mEpiSC) maintains the level of Sox2 which prevents the cell to move towards mesoderm differentiation. Hereby, it is tempting to speculate that the new TF, Notch3, which is up-regulated in mEpiSC, regulates the core pluripotency factors at an optimum level and maintains mEpiSC state. Energy metabolism plays a big role on the status of the pluripotent cell [32, 33] . It has been reported that primed pluripotent cells predominantly depends on glycolytic pathway, whereas naive pluripotent cells are bivalent in their energy production [32] . Further, hypoxic condition is helpful to maintain stem cell cultures in an undifferentiated state. It has been reported that glycolysis (which is linked to primed state) is favoured in hypoxic environments by HIF transfactor stabilization [33] . One of the new TFs, Meis1, which is up-regulated in primed mEpiSC state, is reported to regulate the expression of hypoxia inducible factors 1 and 2 (Hif1a and Hif2a) based on the condition of oxidative metabolism of the cell [34] . In our analysis, Hif2a is down-regulated and Hif1a is up-regulated in mEpiSC. These outcomes support previous reports that Hif1a becomes up-regulated when cell predominantly depends on glycolysis. Hence, in the primed mEpiSC state, higher expression level of Meis1 is required to maintain higher level of Hif1a in the cell which maintains proper hypoxic condition so that the cell can depend on glycolytic pathway for its energy production and can maintain the mEpiSC state (Fig. 7) . On the contrary, naive state (mESCs) is bivalent in energy production, i.e. they can depend on both oxidative and non-oxidative metabolism. In mESCs, we observed Hif2a to be more than two-fold up-regulated which implies an inclination of the system towards oxidative phosphorylation which reduces the requirement of Meis1. This is actually what we observed in mESCs where Meis1 is found to be downregulated. Hence, in naive state, normoxic condition reduces the dependence of the system on Meis1 for maintenance of mESCs.
Rest of the new TFs viz. Gli3 and Srf are also upregulated in primed state (mEpiSC) compared with naive state (mESC). These TFs play a crucial role towards preparing the cell for getting differentiated into different lineages (Fig. 7) . Among these, Gli3 (GLI Family Zinc Finger 3) acts either as an activator or as a repressor in the presence or absence of Hedgehog signalling, respectively. When hedgehog signalling is turned on, Gli3 remains in its full-length activator form, and when it is turned off, Sufu truncates Gli3 to its repressor form. Being in activator form, it helps in neural differentiation [35] , and in repressor form, it leads the cell towards hematopoietic differentiation [36] . In our mEpiSC dataset, we observed Sufu to be up-regulated which in turn might be truncating Gli3 to its repressor form, thereby increasing the probability of the cell to differentiate towards hematopoietic lineage.
Srf (Serum Response Factor), the 4th novel TF gets activated by Set7 during differentiation. Oct4 and Sox2 transcriptionally repress Set7 gene (which activates Srf) [37] to maintain the pluripotent state. For differentiation, level of Oct4, Sox2 gets reduced which no longer can repress Set7. This activates Srf which in coordination with myocardin transcriptionally activates several smooth muscle-associated genes [37] and proceeds towards differentiation. We observed Srf to be more than 2-fold up-regulated in mEpiSC along with up-regulated Set7 and myocardin with respect to mESC. These observations suggest that at the primed state (mEpiSC), the cell gets prepared for differentiation.
Among the other known naive state-specific TFs, up-regulated Nr0b1 directly represses Gata6 (downregulated in mESC) to maintain mESC [24] . Moreover, it regulates Oct4 at an optimum level [24] , which is crucial to maintain the mESC state. Up-regulated Klf4 and Tbx3 also interact with the core pluripotency factors to maintain the naive state [38, 39] . Glycogen synthase kinase 3 beta, also known as Gsk3b, is an enzyme encoded by GSK3B gene which acts as an important decision-making switch in this maintenance programme of both the states. In the naive state, Akt phosphorylates and inactivates Gsk3b (found to be down-regulated in mESC) to prevent down-regulation of Nanog and b-catenin (which is also observed in our data). However, the Wnt ligand when bound to its receptor also inactivates Gsk3b by phosphorylating it. Upon inactivation of Gsk3b, active b-catenin in the cell inactivates the transcriptional repressor Tcf3 [38] , which is down-regulated in our mESC datasets. Tcf3 is a transcriptional repressor of Esrrb. Due to inactivation of Tcf3, Esrrb is found to be up-regulated in mESCs. Further, Esrrb and Nanog transcriptionally activate each other [26] (Fig. 7) . Hence, the three TFs Klf4, Tbx3 [39] [40] [41] and Esrrb [25] [26] [27] maintains mESC by regulating the core pluripotency factors at an optimum level. Mybl2 (up-regulated in mESCs) is a cell cycle regulating protein whose expression is crucial for maintenance of naive mESC. It modulates the expression of Oct4 to maintain the undifferentiated state of mESCs [42] . Further, it maintains euploidy and chromosomal integrity of mESC. Absence of Mybl2 results in either aneuploidy or differentiation associated cell death [42] . Otx2 (which is up-regulated in mEpiSC) plays a crucial role as the system exits from the naive to the primed state. The Oct4-Otx2 regulatory axis brings in certain epigenetic modifications by creating new regulatory chromatin landscape which facilitates such event [43] .
In primed state-mEpiSC, PI3K/Akt activates Gsk3b which suppresses b-catenin in primed state (as is also observed in our microarray data). b-catenin down-regulates Sox2 and rapidly increases the expression of Brachyury (T)(up-regulated in mEpiSCs) and Nanog which leads to mesoderm differentiation [31] . Hence, suppression of b-catenin (in mEpiSC) by activated Gsk3b maintains the level of Sox2 which prevents the cell to move towards mesoderm differentiation. Satb1 (SATB Homeobox1) transcriptionally represses the expression of Nanog, Klf4 and Tbx3, and leads to the differentiation of pluripotent cells [44] . We found Satb1 to be up-regulated and its targets Klf4, Tbx3, to be down-regulated in mEpiSC, which reveals that mEpiSC is more prone towards differentiation into different lineages. Further, up-regulated Sox4 and Sox11 are two SOX family proteins which bind to OCT-SOX enhancer region of target genes and activate them. They transcriptionally activate pluripotency factors Oct4, Nanog [45] , as well as several differentiation promoting factors. Hence, the downstream effect of these two genes can be both pluripotency maintaining and differentiation promoting.
Discussion
Pluripotency is a state of cellular potency which can be divided into two substates: naive and primed. Ever since it came in the spotlight of scientific community, Fig. 5 . The qRT-PCR data analysis between mESC and mEpiSC of the (A) five marker TFs for the pluripotency states, (B) three TFs for the self-renewal and maintenance of the naive state (mESC) and (C) seven TFs for the self-renewal, maintenance and exit from the primed state (mEpiSC). Statistical analysis was performed using paired t-test (n = 3), and P-value ≤0.05 was considered as statistically significant. Numbers above the asterisks indicate the P-value. many research groups across the world have tried to characterize these two substates [6] . However, there remain many unexplored areas. Marker genes which can truly distinguish between naive and primed state in both male and female system are yet to be discovered. Hence, some of the datasets (corresponding to both naive and primed state) used for this work are taken from male system (mentioned in the methods section). In this work, we have investigated the global gene expression pattern pertaining to these two states along with terminally differentiated MEF and have elucidated crucial TFs which are responsible for modulating important functions viz. selfrenewal, maintenance and differentiation of these two states.
The TFs, i.e. Klf4, Tbx3 and Mybl2 along with Esrrb and Nr0b1 (up-regulated in naive (mESC) state), are involved in maintenance and self-renewal of naive 
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The symbolic nomenclature of the entire circuit is given below:
promotes differentiation. The entire mechanism is depicted in Fig. 7 . We have predicted four novel TFs, namely Notch3, Meis1, Gli3 and Srf, which acts in concert with other genes to modulate the maintenance and differentiation programmes of the primed pluripotent state. Notch3 being up-regulated inhibit b-catenin in primed state (mEpiSCs) to maintain the primed pluripotency. Hence, it may be possible to keep a partially reprogrammed cell in primed state by regulating the expression of Notch3. Hypoxic condition is helpful to maintain stem cells in undifferentiated state. We predicted that in primed state, up-regulated Meis1acti-vates Hif1a to maintain mEpiSCs in undifferentiated state. Hence, inducing the expression of Meis1 along with hypoxic condition can maintain primed state in culture for a prolonged period [46] . Another predicted TF, Gli3, works with Sufu to differentiate primed pluripotent cells towards hematopoietic lineage. Regulating Gli3 can be helpful to maintain mEpiSC in undifferentiated state for prolonged period. Srf along with myocardin (both being up-regulated in primed state) promotes activation of smooth muscle genes. Hence, inhibition of Srf is necessary to block differentiation in mEpiSCs. It could be achieved by induction of Oct4 and Sox2 as these two TFs repress Set7, which helps in activation of Srf. Hence, fine-tuning of the expression of these four TFs along with the core pluripotency factors is essential to maintain the pluripotency status of the primed (EpiSC) state.
To summarize, we have tried to understand and characterize the pluripotency substates through bioinformatic analysis, so as to facilitate proper interpretation of the outcome of reprogramming. Once these states are well characterized along with the gene interaction networks which dictate their self-renewal and differentiation properties, it puts us a step forward towards improving the reprogramming efficiency. Overall, this work brings forth certain novel key TFs which participate in gene interaction networks and plays a dominant role towards distinguishing between these two substates (irrespective of male or female system). Moreover, our work unravels the essential components of the self-renewal and differentiation circuits of these two substates which will be strengthened further by in-depth wet lab validations.
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